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Disclaimer 


The  findings  in  this  report  are  not  to  be  construed  as  an 
official  Department  of  the  Army  position  unless  so  designated 
by  other  authorized  documents. 


Disposition 

Destroy  this  report  when  no  longer  needed.  Do  not  return 
it  to  the  originator. 


“  FOREWORD 

The  work  described  in  this  report  wee  authorised  under  Project 
1W662710AQ95.  The  work  described  covers  the  third  3  months  of  study 
under  Contract  DAAA15-71-C-0478.  This  period  ran  from  March  1  through 
Hay  1972.  Dr.  Maria  Sauer  carried  out  this  study  in  the  laboratory  of 
the  Principal  Investigator  at  Brown  Univaruity. 

Reproduction  of  this  document  in  whole  or  in  part  is  prohibited 
except  with  permission  of  the  Cotananding  Officer,  Edgevood  Arsenal, 

ATTNt  SMUEA-TS-R,  Edgewood  Arsenal,  Maryland  21010;  however,  DDC  and 
the  National  Technical  Information  Service  are  authorised  to  reproduce  the 
document  for  United  States  Government  purposes. 
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DIGEST 


Tha  hydrolysis  of  cyanogan  chlorldt  at  aavaral  pH  valuaa  haa  baan 
etudiad  and  rata  conatanta  for  acid  and  baaa  catalysis  ara  raporttd.  Tha 
catalyaia  by  phoaphata  Iona  haa  baan  lr.vaatigatad . 

Wr  hava  contlnuad  our  study  of  tha  reaction  between  cyanogan  cl lorlde 
and  diffarant  nitrogan  nuclaophilaa.  Rata  conatanta  fur  tha  reaction  of 
cyanogan  chlorida  with  glycina,  glycinaaida,  and  benaylamina  ara  rapcrtad. 

In  addition  a  vary  careful  study  ovar  a  wider  ranga  of  pH  for  tha  rea.tioua 
batwaan  cyanogan  chlorida  and  savural  aainaa  has  baan  carriad  out.  -Oua- 
Sarlitr  work  was  covarad  in  raporta  no.  1  and  2.  In  viaw  of  tha  naw  results, 
it  is  avidant  that  thara  is  a  significant  acid  catalysis  of  the  hydrolysis 
raaction  at  low  pH  valuaa  whara  tha  concentration  of  fraa  amina  is  vary  small. 
As  a  consequence  tha  rata  constant  valuaa  raportad  aarliar  hava  baan  cor/actad 
considering  tha  acid  catalysis  of  tha  watar  and  tha  protonatad  amina  reactions. 

Tha  interaction  batwaan  cyanogen  chlorida  and  transition  metal  Iona 
haa  baan  atudiad  using  nickel (II)  chlorida  and  farrous  chlorida  as  sources 
of  metal  ions.  Previous  raaults  on  this  mattar  ara  alao  included  in  this 
report . 
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CHEMICAL  REACTIVITY  OF  CYANOGEN  CHLORIDE  IN  AQUEOUS  SOLUTION 


I?  INTRODUCTION. 

The  studies  of  the  reactions  of  cyanogen  chloride  with  various  nucleo¬ 
philes  were  continued  over  a  wide  range  of  pH.  Ue  started  the  study  of 
the  interaction  between  metal  ions  and  cyanogen  chloride  using  nickel(II) 
chloride  and  ferrous  chloride  over  the  molar  ration  range  0-1. 

II.  EXPERIMENTATION. 

A.  Analytical  Procedures  and  Methods. 

As  usual  with  those  nucleophiles  that  form  colorless  products  with 
cyanogen  chloride,  the  reaction  was  followed  using  the  colorimetric  procedure 
based  on  the  color  formed  between  unreacted  cyanogen  chloride  and 
y-(4-nitrobenzyl)pyridine.  The  method  has  been  slightly  modified:  0.5Z 
solutions  of  Y-(4-nitrobenzyl)pyridine  in  the  mixed  solvent  system  50Z 
acetone  -  50Z  water  were  used  instead  of  pure  acetone.  This  avoids  preci¬ 
pitation  of  the  salts  used  in  buffering  the  reactant  solutions.  Also, 
when  the  reactions  are  carried  out  at  a  very  low  pH  the  y(4-nitrobenzyl)- 
pyrldine  was  dissolved  in  mixtures  50Z  acetone  -  50Z  phosphate  buffer,  since 
the  yellow  color  falls  to  develop  in  very  acid  conditions.  However,  it 
was  noticed  that  at  very  low  pH  due  probably  to  the  presence  of  high 
concentrations  of  hydrochloric  acid  the  color  tends  to  faint  rapidly  with  time. 
Even  so,  it  was  possible  to  go  as  far  as  pH  0.7  (in  the  reaction  mixture) 
without  losing  appreciable  accuracy  in  the  process. 

The  reaction  was  followed  by  taking  1  ml  of  the  thermostated  reactant 
mixture  at  different  times  and  adding  it  to  10  mis  of  0.5Z  solution  of 
y-(4-nitrobenzyl)pyridine.  The  absorbance  of  the  different  samples  was 
recorded  at  420  run  using  a  Hitachi  Spectrophotometer.  Other  than  the  changes 
in  the  preparation  of  the  y- (4-nitrobenzyl)pyridine  solution  above  mentioned 
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the  procodure  was  followed  wxactly  at  it  waa  pravioualy  daacrlbad.  1 
"  Tha  apactra  of  tha  products  of  raaction  batwaen  metal  ions  and  cyanogan 
chlorida  or  sodium  cyanida  was  studlad  in  a  Cary  13  spactrophotoaatar . 

B.  Raactiona  Invastigatad. 

Nickal(Il)  Chlorida.  Tha  apactra  of  acid  mixturaa  of  NiCij  and 
cyanogan  chlorida,  vara  atudiad  in  molar  fraction  ranga  0-1  using  a  Cary  13 
spectrophotometer.  Tha  NiClj-  NaCN  mixturaa  wara  also  atudiad  undar  similar 
conditions  in  ordsr  to  compara  tham  with  tha  NiCl^-  C1CN  mixtures. 

Both  mixturaa  show  no  strong  absorption  in  tha  visible,  at  eoncantra- 

_3 

tions  10  K,  but  tha  spactrum  in  tha  UV  region  ahowa  three  bands  at 

310  nm,  284  no  and  267  nm.  Figure  1  shows  a  plot  of  tha  absorbance  recorded 

at  284  nm  and  267  nm  as  a  function  of  the  molar  fraction  for  both  cases 

NiCl^-  NaCN  and  KiCl2-  C1CN.  As  it  was  expected  tha  formula  of  tha  complex 

2- 

formsd  batwasn  NIClj  and  NaCN  is  the  wall  known  square  planar  (Ni(CN)^]  . 

This  ia  indicated  by  tha  maximum  in  tha  plot.  Tha  approximate  molar 

4 

extinction  coefficients  era  in  this  case  c^q  -  0.12  x  10  ,  ■  0.96  x  10 

4 

and  t267  ■  2.4  x  10  ,  In  tha  case  of  NiClj-  C1CN  mixtures  under  identical 

conditions  of  concentration  tha  complex  formed  seams  to  have  a  similar 

2- 

formula  as  in  tha  caaa  of  (Ni(CN)^J  although  the  observed  extinction 

4  4 

coafflcianta  -  0.6  x  10  and  c 2 5 7  ■  1*5  x  10  are  smaller.  There  era 

soma  additional  experiments  wa  have  done  with  Ni Cl 2_  ClCN  mixtures. 

a.  Wa  followed  tha  intanaltias  of  the  284  nm  and  267  nm  absorbance 

with  time  in  mixtures  where  N1  was  in  excess  to  tha  amount  required  for 

f  Ni"^  1  1 

formation  of  tha  complex,  that  is  T^ICNT  >  4"  W*  °ba*rvad,  in  all  cases, 
a  slow  disappaaranca  of  tha  complex  (vary  rapidly  formed  in  tha  beginning) 
as  shown  by  tha  dacressa  of  the  267  nm  and  284  nm  ebsorbanclaa. 
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Figure  I 


b,  No  change  with  tim*  1*  observed  in  tha  »p*ctrum  in  mixtures  which 


c.  In  eta*  of  old  solution*  of  C1CN  whara  HOCN  ia  praaant  dua  to 
hydrolysis  s 

C1CN  +  OH*’  HOCN  +  Cl” 

an  incraas*  in  tha  267  nm  abacrbanca  is  obaarvsd.  In  addition  whara  vary 
old  solutions  of  C1CN  (whara  all  cyanogan  is  praaant  as  HOCN)  ara  usad, 
tha  spactrua  of  tha  mixtures  consist  only  of  a  simple  absorbanca  cantarad 
at  267  nm. 

3- 

d,  Solutions  of  [Nl(CN)^j  wars  praparad  and  an  equal  amount  of  C1CN 
was  addad.  No  change  was  observed  in  tha  spectrum  during  the  following 
hour  after  mixing. 

Ferrous  chloride.  Tha  mixtures  of  FeClj  and  C1CN  bahava  quite 

differently  from  tha  mixtures  of  FeClj  *nd  NaCN  at  least  a*  far  aa  tha  spectrum 

.3 

is  concerned.  At  concentration  about  10  M  tha  slight  blue  colored 

A. 

solutions  of  [F*(CN)g]  show  no  strong  absorbance  in  tha  viaibla  and  UV. 

Tha  mixtures  FaCl2~  C1CN  on  tha  other  hand  show  a  peculiar  behavior 
at  soma  concentrations.  On  mixing  both  solutions  a  vary  light  blue  color 
develops  rapidly  and  tha  apsetrum  of  this  solution  shows  a  vary  broad  and 
intanaa  absorption  band  cantarad  at  265  nm.  After  approximately  15  minutes 
tha  olaar  solution  turns  turbid  and  a  blue  precipitate  can  ba  filtered. 

Tha  spactrua  of  tha  now  colorless  solution  shows  soma  bond  at  265  nm  now 
with  remarkable  lower  absorbance. 

The  blue  precipitate  could  ba  explained  by  assuming  formation  of  Prussian 
blue  MFa[Fa(CN),]  whara  M  ia  a  monovalent  cation  by  oxidation  of  Fa-*"*  by  C1CN: 


Fe  +  C1CN  Fe 


+  CN  +  Cl 


Fa**  +  6  CN  -  [F«(CN)6]4_ 

Fa4"*-  +  (P«<CN>6  ]4“  -  F.(F«CCN)6) 

However,  at  chi*  point,  v*  cannot  postulate  any  definite  mechanism. 

Hydrolyaaa  of  Cyanogan  Chlorlda.  Cyanogen  chlorida  hydrolyiaa  in 
baaia  madia  according  Co  raacdoni 

Cl  -  CN  +  OH"  ■*  HO  -  CN  +  Cl" 

Tha  rata  of  base  hydrolyaia  vaa  atudiad  by  Price  at  al  who  found 
kQH  *  6  x  10*  M  1  min"^.  Daviationa  from  thia  valua  at  pH  7.5  ware 
attributed  entirely  to  catalyaia  by  phoaphata  ion. 

We  have  studied  tha  hydrolyaia  of  cyanogan  chlorida  between  pH  0.7  -  10.5. 
Dependence  of  rate  of  hydrolyaia  on  pH  ia  ahown  in  Figure  II.  It  can  be 
aean  that  thaia  ia  a  definite  "water  reaction"  (as  indicated  in  the  bottom 
part  of  the  plot)  end  a  email  catalyaia  by  the  phoaphata  buffer.  The  phoaphata 
catalyaia  contribution  can  be  aeon  from  tha  experimental  deviation*  of  tha 
calculated  valuaa. 

Tha  rata  for  the  basic  reaction  was  calcualtad  from  the  valuaa  at  pH 

2  -1  -1 

10.5  and  10  giving  k  ■  8  x  10  M  min  .  The  rate  of  the  water  reaction 
Un 

was  calculated  from  tha  bottom  pert  of  the  plot  (considering  [H^O]  -  55  M) 

■  6.45  x  10  ^  M  ^  min  The  reaction  would  be 
C1CN  +  H20  •*  HOCN  +  Cl"  +  H* 

Between  pH  0.7  and  1.3  the  value  of  k^  was  calculated  considering 
kobs  "  k^  qIHjO]  +  k^(H+]  and  the  reaction 

Cl  -  CN  +  H+  Z  [Cl-CNH )+ 

(Cl  -  CNH+]  +  H2Q  ■*  HO  -  CN  ♦  Cl"  +  H4" 

so  that  kH  ■  2  x  10”2  M  *  min”^. 
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giving 


Ftguri  II 

Hydrolyai*  0f  ciCN,  25*C. 


^  t*>i  ***t’a4~  i’-tuUxti 

~  QidLouAoMJ.  fjr\^dJUU^C 


At  low  pH  values  the  reaction  was  very  difficult  to  study  due  to  i.i# 


analytical  technique  used. 

Phosphate  Ion.  The  attack  of  phoephate  ion  on  cyanogen  chloride 
wae  studied  in  the  pH  range  5  to  7.  In  the  aolutione  et  pH  S  where  the 
phosphate  ion  is  in  the  fora  PO^H^",  no  catalysis  of  the  hydrolysia  reaction 
was  observed  upon  increase  of  the  total  phoephate  concentration.  However 
at  pH  6.5  to  7  where  the  [PO^H-]  becomes  significant  an  increase  in  the 
rate  of  hydrolysia  with  the  phosphate  concentration  was  observed.  That 

“  kob.  •  V0H'>  ♦  'pha.p1"-0*'1  ♦  kK20IH2°>-  "h,r* 

kob.-  “OH10"'1  ■  VlH2°l 

t»  (  _  ■  -  . . —  -  --  ~  —  "  — 

phoap  [Phosp] 

If  we  consider  the  total  phosphate  concentration,  in  order  to  compare  our 

-2  “1 

values  with  the  one  reported  by  Price  et  al,  we  have  Sheep  "  1,6  *  10  M  ml1 

Since  we  know  that  the  active  form  involved  in  the  catalysis  is  PO^h"  than 
-2  -1  -1 

kp0  H  -  2.9  x  10  M  min  Is  higher  since  they  are  including  also  the 
4 

water  reaction  in  the  phosphate  rate  conctant  -  that  is,  according  to 
them!  kQbi  -  k.QH [OH- ]  +  kphoip (Phoap ]  disregarding  the  term  kH  g[H20J. 

Nitrogen  Nucleophiles.  The  reaction  between  4-chloropyridina  and 
cyanogen  chloride  was  studied  spactrophotonetrically .  The  yellow  product 
zi  reaction  shows  a  maximum  absorbance  at  375  nm.  However,  it  was  difficult 
to  obtain  a  reproducible  value  of  the  rets  constant  since  the  chloropyridine 
alone  seems  t 3  undergo  decomposition  in  aqueous  solution  becoming  quite 
yellow.  The  study  of  reactions  with  ocher  pyridines  were  attempted  without 
much  success  due  mainly  to  analytical  problems.  Among  them  the  3-ethylpyr idine 


and  4-ethylpry idlna  (quit*  insoluble  In  aqueous  solution)  and  4-aalnu- 

pyridina  wara  triad  unauccaaafully .  Using  tha  colorimetric  tachniqua  tha 

reaction  bacwaan  banaylaaina  and  cyanogan  chlorlda  waa  atudiad  at  pH  3,5 

to  6. 4 i  glyclnaalda  and  glyeina  wara  atudiad  in  the  ranga  of  pH  3.3  to 

7.  Tha  reactions  wara  aaauaad  to  bat 

R  -  HH2  +  C1CN  ‘ilH  *  RNH  -  CN 

in  all  eaaaa  aa  it  waa  pravloualy  discussed. ^  Tha  caloulatad  aacond-ordar 

rata  conatants  ara  ahown  in  tha  tabla. 

Rata  of  Attack  of  Nucleophiles  on  Cyanogan  Chlorlda 


Nucleophile 

pka 

k2  . 

Observations 

1.  Hydroperoxide  ion 

11.6 

3.3  x  IQ3 

a 

to  ba  rapaatad 

2.  Piperidine 

11.2 

3.2  x  10J 

a 

3.  Methylaolne 

10.6 

1.2  x  103 

4.  Sec-Butylaaina 

10.3 

1.2  x  10* 

3.  Tri-Mathy lamina 

9.74 

0.13x  102 

A 

6.  Banaylaaina 

9.37 

7 . J  x  10* 

A 

7.  Acetaldoximata  Ion 

9.13 

3.1  x  10' 

to  ba  repeated 

8.  Hydraaina 

8.1 

3.6  x  103 

A 

9.  Glyclnaaalda 

8.1 

2 . 07x  10* 

10.  Hydroxy lamina 

3.96 

3.7  x  10* 

A 

11.  Dime  thy lhydraaine 

6.8 

1.3  x  ]0J 

12.  y-Picolina 

6.0 

50.4 

13.  Pyridina 

5.23 

20.4 

A 

14.  OH" 

15.7 

8  x  10* 

13.  H20 

-  1.7 

6.4  x  10”5 

16.  Glycine 

9.8 

8  x  102 

h-* 

*TJ 

o 

X 

1 

2.23 

8.7  x  102 

% 

18.  H30t 

2  x  10'2 

In  viaw  of  tha  acid  hydrolyaia  and  tha  magnitude  of  tha  watar  raaction 


it  waa  nacaaaary  to  apply  a  corraction  to  tha  rata  constants  for  amines 
12 

pravloualy  reported,  '  dapanding  on  tha  pH  at  which  they  were  atudiad. 
2.  Kdwarda ,  John  0.,  Sauar,  Marla,  Quarterly  Status  Report  No.  2. 


14. 


Although  tha  ideal  situation  would  ba  to  atudy  tha  attack  of  aminaa  on 
cyanogen  ohlorlda  undar  conditions  whara  thay  ara  totally  fraa  baaaa 
(R-NHj),  that  is  at  a  pH  >  pKa,  tha  fact  that  amine  attack  on  C1CN 
ia  ao  fast  makes  this  impossible  undar  our  experimental  conditions  whan 
tha  colorimetric  oat hod  ia  usad.  Thus,  at  tha  pH  whara  tha  raactions  ara 
atudlad  tha  anlnas  ara  mostly  in  tha  protonatad  form  and  tha  proportion 
of  fraa  baua  has  to  ba  ealeulatad  considering  tha  Ka  of  the  amine 

Ka 

R  -  NH3  +  HjO  i  R  -  NHj  +  H30 


[r  -  mh2Hh3o*) 


[R  -  NHj  ] 


[R  -  HHj]  - 


Ka [R  -  NH,] 


(h/] 


aad  tha  [R  -  NHj 1  +  [R  -  NH3+)  -  (amina]T>  In  this  way  tha  reaction  takas 
place  at  a  measurable  rata  since  free  amine  la  prasenc  in  email  concentration 
Than,  it  la  necasaary  co  study  tha  reaction  in  a  wldo  range  of  pH  to  sea 
if  there  is  any  attack  by  tha  protonatad  form  of  tha  amine. 

Figure  Ill  stows  tha  variation  of  k  as  a  function  of  pH  for  hydrailne 
and  piperidine. 

Aa  can  ba  seen  in  tha  apacifiad  range  of  pH  tha  attack  by  tha  amine  and 
other  nucleophllaa  on  cyanogan  chloride  can  bs  expressed i 

k.b.  ■  kU(K+)  *  kH20|H2°>  *  k»H3  +  +  "nbHj18™:1  *  W™! 

.It  la  evident  that  at  pH  ■  3  k  ^  ■  kjj[H+]  +  +  l RNH^+  ]  at  3  <  pH  <  6 

“  >  6  kob.  "  +  kRNH/  |RNH3+]  +  kRHH2(RNH2]  *nd  at  PH  »  6 


13 


I 
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I 


^obi  "  k0H^OH^  +  *'RNH,  £RNH2^’  u,J,11y  wh,n  th*  rMction  la  studied  ac 

pH  >  pKa  -  3  all  corrections  dua  to  water  raactlon  or  proconacad  ulna 
raactlon  ara  practically  nagllglbla. 

With  thla  In  ulnd  we  hava  racalculatad  tha  rata  constants  alraady 
rn-io.-tad ,  ^ ' k  and  tha  naw  results  ara  ahovn  In  tha  table  (paja  14). 

A  Brdnacad  plot  of  tha  nuclaophiles  no  far  atudlad  la  lncludad.  (Flgura  IV) 


1  l: 


Tha  mechanism  of  raactlon  batwaan  tranaltlon  matal  Iona  and  cyanogan 
chlorida  la  at  tha  moment  not  vary  wall  undaratood. 

If  tha  coaplax  formed  batwaan  N14"1"  and  C1CN  la  actually  [Ni(CN)^]2" 
some  oxidation  of  Ni  must  taka  placa  In  ordar  to  account  for  tha  presence 
of  cyanida  Ion 


Ni  +  C1CN  -*■  CN  ♦  NI  +  Cl 
Ni44*  +  4  CN-  [Ni(CN)4]2" 

Cn  tha  othar  hand,  the  format  Jon  of  a  complax  batwaan  NI  and  C1CN  can..ot 

ba  axcludad.  It  would  appaar  that  alao  HQCN  loros  c  complax  with  Ni  with 

2- 

a  cotsplataly  different  apactrum  than  Nl(CN)^  At  thla  point,  a  kinatlc 
atudy  of  tha  rapid  complax  formation  would  actually  provldo  aoma  clua  aa 
to  tha  machanlaa  of  tha  raactlon. 

In  addition,  thara  la  no  way  by  which  wa  can  axplaln  tha  decomposition 
cf  tha  coaplax  by  axcaaa  of  Ni  Soma  kinatlc  atudiea  on  thaaa  mixturea 
will  probably  halp  ua  In  finding  aoma  poaalbla  mechanism. 

In  tha  FeClj"  C1CN  mixtures  the  facts  eeea  to  be  easier  to  explain 
and  tha  actual  oxidation  of  Fa  by  ClCN  appears  to  take  placa  at  a  measurable 
rate.  Again  wa  will  need  some  kinetic  studies  in  order  to  prove  thla  point. 


TJi*  study  of  tha  hydrolysis  of  cyanogsn  chlorids  bscsas  sbsolutsly 
nscssssry  slr.cs  we  srs  studying  ths  squsous  chemistry  of  C1CN.  In 
gsasrsl  our  rssults  In  bssic  solutions  sgrss  roughly  with  ths  vslus 

7  1  *  1 

obtsinsd  by  Pries  st  sli  kQH  ■  6  x  10  M  min  .  Ths  scid  hydrolysis 
is  assumed  to  bs  s  cstslysis  of  ths  water  rssetion  although  it  is  known 
that  nitrilss  decompose  in  concentrated  acid  solutions  giving  tha 
corresponding  aside i 


R-CN  +  LO  5  R  -  C 
2  S 


NH 


R  -  C 


'OH  '0 

In  case  of  Cl-CN,  however,  ths  Cl-C  bond  is  weak  enough  to  oaks  ths  Cl-CN 
decompose  according  to  a  hydrolysis  mechsnism  before  tha  above  reaction 
takes  place. 

Tha  correction  applied  to  the  nitrogen  nucleophiles  rate  constants 
previously  found  change  slightly  the  slope  of  the  Brdnsted  plot  to  0.37. 

Actually,  the  aechanlaB  of  attack  on  cyanogen  chloride  by  protonated 


amines  remains  unknown,  however  our  primary  concern  so  far  has  been  to  find 
reliable  constants  for  the  free  amine  rata  constants. 
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—  /The  hydrolysis  of  cyanogen  chloride  at  several  pH  values  has  been  studied  and 
rate  constants  for  acid  and  base  catalysis  are  reported.  The  catalysis  by  phosphate 
ions  has  been  investigated. 

We  have  continued  our  study  of  the  reaction  between  cyanogen  chloride  and  differe 
nitrogen  nucleophiles.  Rate  constants  for  the  reaction  of  cyanogen  chloride  with 
glycine,  glycinamide,  and  benzylamine  are  reported.  In  addition  a  very  careful 
study  over  a  wider  range  of  pH  for  the  reactions  between  cyanogen  chloride  and  several 
amines  has  been  carried  out.  Our  earlier  work  was  covered  in  reports  no.  1  and  2. 

In  view  of  the  new  results,  it  is  evident  that  there  is  a  significant  acid  catalysis 
of  the  hydrolysis  reaction  at  low  pH  values  where  the  concentration  of  free  amine  is 
very  small.  As  a  consequence  the  rate  constant  values  reported  earlier  have  been 
corrected  considering  the  acid  catalysis  of  the  water  and  the  protonated  amine 
reactions . 

The  interaction  between  cyanogen  chloride  and  transition  metal  ions  has  been 
studied  using  nickel (II)  chloride  and  ferrous  chloride  as  sources  of  metal  ions. 
Previous  results  on  thin  matter  are  also  included  in  this  report,  dz - - 
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